CONTEXT AND OBJECTIVE: Osteoporosis is a skeletal abnormality characterized by reduction and alteration of bone microarchitecture that results in increased fragility and greater predisposition to fractures. Age and low bone mass are the main non-modifiable risk factors for osteoporotic fractures. The modifiable factors include sedentary lifestyle, inadequate calcium intake, excessive alcohol and/or caffeine consumption, smoking and low body weight. The aim here was to evaluate the association between low bone mass and calcium and caffeine intake among perimenopausal women in Southern Brazil. DESIGN AND SETTING: Cross-sectional study conducted in Porto Alegre and Canoas, Rio Grande do Sul, Brazil. METHODS: Women (n = 155) of mean age 53.6 ± 9.5 years were evaluated through a cross-sectional study in Southern Brazil. Food frequency questionnaires, bone mass evaluation using calcaneal ultrasound and anthropometric assessment were used. RESULTS: The prevalence of overweight was 67.7%. In the bone mass screening, 30.3% had low bone mass and 4.5% had osteoporosis. The median calcium intake was 574.94 mg/day and the caffeine intake was 108.11 mg/day. No association was found between bone mass and anthropometric parameters, calcium intake or caffeine intake. It was found that 38.4% of the women had low bone mass. CONCLUSIONS: No association was found between calcium and caffeine intake and bone mass. High prevalence of low bone mass was observed.
INTRODUCTION
Osteoporosis is a metabolic disease characterized by reduced bone mass, fragility of bone microarchitecture and consequent reduction in bone resistance, resulting in greater susceptibility to fractures. 1, 2 These occur with higher frequency in places where there is a greater proportion of trabecular bone, since this type of bone has a higher rate of remodeling than shown by cortical bone, and it is more susceptible to estrogen deficiency. 2, 3 Increasing prevalence of osteoporosis is projected around the world as a result of growing life expectancy and the consequent increase in the elderly population. It is the most common metabolic disease and the main cause of fractures due to skeletal fragility, and is considered to be one of the main public health problems because of the individual and social repercussions. 4, 5 Age and low body mass are the main risk factors for osteoporotic fractures. The risk factors that contribute towards reduced bone mass can be classified either as non-modifiable factors, such as hereditariness, ethnicity (Caucasian), age, female sex and the individual's hormonal situation; or as modifiable or environmental factors, which include sedentary lifestyle, inadequate calcium intake, excessive consumption of alcohol and/or caffeine, smoking and low body weight. 6 The daily intake recommendations in effect for nutrients, according to the dietary references intakes (DRIs) from the National Academy of Sciences (2006) are 1000 mg/day of calcium for women from 31 to 50 years of age and 1200 mg/day for women over 50 years. 7 Dairy products, such as milk, cheese, yogurt and other milk by products, are frequently used for preventing bone loss because, besides being richer sources of calcium, they are also sources of phosphorus, magnesium, potassium, zinc and protein, and they are present in typical diets. 8 Appropriate intake of calcium and vitamin D is important for bone health, and is recognized as an important component in the drug prescription regime for osteoporosis. 9 Several studies conducted over recent years have correlated caffeine intake with calcium absorption. Most of them showed that moderate consumption of this substance does not harm bone health. [10] [11] [12] However, excessive doses of caffeine may result in higher calcium excretion, thus increasing the risk of osteoporosis. 13, 14 The effects of caffeine on bone tissue have been correlated with increased calciuria and decreased efficiency of intestinal absorption of calcium. 15 These mechanisms may promote a negative balance of calcium metabolism, thus presenting a negative impact on bone metabolism and leading to significantly greater bone mass reduction. However, a balanced diet, with the proper level of calcium intake and coffee consumption limited to three cups (equivalent to 710 ml) per day (300 mg/day of caffeine), may reduce the risk of osteoporosis and fractures, especially in the elderly population. 16 Because of the importance of nutritional factors (especially calcium and caffeine) on bone mass, this study evaluated the calcium and caffeine intake among menopausal women and its relationship with bone mass.
OBJECTIVE
To evaluate the association between bone mass and calcium and caffeine intake among perimenopausal women in Southern Brazil.
METHODS
This was a cross-sectional study with data collected between March and May 2010, using questionnaires in the cities of Porto Alegre and Canoas, Rio Grande do Sul, Brazil. This study formed part of a bigger study aimed at identifying the risk factors for osteoporosis and low bone mass, which include: physical exercise, smoking, alcohol use, use of corticosteroids and diet (calcium, caffeine and vitamin D intake).
Study sample
The estimated sample size for screening low bone mass using calcaneal ultrasound was 157 subjects, sampled consecutively, 17 taking into consideration a confidence level of 95%, error of 6%
and an approximate prevalence of medium and high risk of low bone mass of 18%. 
Menopausal status
Menopausal status is a retrospective diagnosis that is a landmark of the climacteric period. It corresponds to the last menstrual cycle, which is only recognized as such after 12 months of amenorrhea, and is usually reached around the age of 50. 18 This information was based on self-reported questionnaires.
Nutritional profile
An evaluation of the nutritional status was conducted based on measurements of weight (kg), height (m), abdominal circumference (AC, in cm) and tricipital skinfold (TSF, in mm). The body mass index (BMI, in kg/m 2 ) and arm muscle circumference (AMC, in cm) were calculated. From the BMI, the women were classified as 1) low weight (presenting malnutrition), 2) eutrophic or 3) overweight or obese.
Weight, height and body mass index (BMI)
A digital platform scale with capacity of up to 150 kg was used to determine the subjects' weight. Individuals were weighed barefoot and only wearing light clothes. because this proposal takes into account the changes in body composition that occur with aging. Thus, the classifications in Table 1 were used.
Abdominal circumference (AC)
Abdominal circumference (AC) was measured using a non- 
Tricipital skinfold (TSF)
The tricipital skinfold (TSF) was measured vertically at the midpoint of the arm, between the acromion and the olecranon at the posterior face of the non-dominant arm, using a scientific plicometer with sensitivity of 0.1 mm and reading range of 78 mm. Three measurements were made and their arithmetic mean was used. 19 The results were classified in accordance with the reference parameters suggested by Blackburn et al., 23 and the formula 
Mid-arm circumference (MAC)
The mid-arm circumference (MAC) was measured at the midpoint between the acromion and the olecranon using a measuring tape. The results were classified in accordance with the reference parameters suggested by Blackburn et al., 23 
Arm muscle circumference (AMC)
To obtain the arm muscle circumference (AMC), the MAC and TSF values were used in the following formula: 
Calcium and caffeine
To quantify the caffeine and calcium intake in the diet, two instruments were constructed following the model of the validated semi-quantitative food frequency questionnaire (FFQ) proposed by Heath et al., 26 with adaptations for the population studied.
The FFQ estimates the individual's habitual intake and offers the possibility of stratifying the results into consumption categories.
This is considered to be the most practical and valuable method for evaluating food intake, and it is of utmost importance in epidemiological studies that correlate the diet with occurrences of chronic non-transmissible disease. 27 These instruments are selfapplicable, which justifies exclusion of illiterate subjects.
The consumption of foods that are sources of and/or rich in calcium, like dairy products, soya milk, tofu, eggs, fish, oleaginous fruits, dark green vegetables, cooked beans and black bread, was quantified in household measurements and then transformed into grams. The same was done to determine the caffeine intake, through consumption of roasted and ground coffee, instant coffee, black tea, hot chocolate, chocolate in bars, soft drinks and chimarrão (yerba mate tea). The following responses regarding consumption frequency were used: never, less than once a month, one to three times per month, once a week, two to four times per week, once a day and two or more times per day, following the model suggested by Fisberg et al. 27 The quantities considered for calculating nutrient intakes were obtained from food composition tables, [28] [29] [30] [31] and from the nutritional information on food packages when these foods were not included in the tables. Calcium and caffeine intakes (mg/day) were described in terms of the median and interquartile range.
Low bone mass (LBM) screening
Low bone mass (LBM) screening was conducted using calcaneal quantitative ultrasound (QUS) because of its advantages: low cost, convenience, short examination time and lack of ionizing radiation. 32 The bone mass was determined using a portable ultrasound device (SONOST-2000, OsteoSys Co. Ltd.), and the results were used as a predictor for fractures. [33] [34] [35] The reasons for choosing the calcaneus bone were that it has a high proportion of trabecular bone in its structure, a flat and parallel shape for the lateral and medial surfaces and, since this is a weight-bearing bone, it can simulate the properties of the proximal femur. Bone mineral density (BMD) from densitometry and QUS were used as predictors for any type of fracture and for osteoporotic fractures, regardless of BMD. 36 In the same way as for BMD, the results were classified as losses of standard deviations (SD) in relation to normal young adult controls. 37 Thus, QUS can be classified as: 1-minimal fracture risk with a loss of up to 1 SD below peak bone mass; 2-increased fracture risk with a loss of up to 1 to 3 SD below peak bone mass; 3-high fracture risk with a loss of over 3 SD below peak bone mass.
Statistical analysis
The qualitative variables were described through absolute and relative frequencies and quantitative variables through means and standard deviations or medians and interquartile ranges.
In order to compare the means of anthropometric measurements in relation to bone mass classification, the Student t test was used.
Comparison of calcium and caffeine consumptions in relation to bone mass classification was done using the non-parametric
Mann-Whitney test. In all analyses, the significance level of 5% (P ≤ 0.05) was accepted. The database was constructed and the statistical analyses were conducted using Statistical Package for Social Sciences (SPSS) version 17.0. 
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RESULTS
Out of 217 eligible subjects, three declined to give responses in the survey and 59 did not have complete anthropometric and/or calcaneal ultrasound measurements. Therefore, 155 women were enrolled in the study. Their mean age was 53.6 ± 9.5 years, ranging from 40 to 84 years. Among the subjects, 60.6% (n = 94) were postmenopausal and 39.4% (n = 61) were premenopausal, according to the self-reports. In screening using calcaneal ultrasound, it was found that 65.2% of the women (n = 101) presented a normal bone mass pattern; 30.3% (n = 47), low bone mass; and 4.5% (n = 7), osteoporosis.
With regard to nutritional profile, the frequencies of different nutritional statuses according to BMI and the adjusted percentages for MAC, TSF and AMC are demonstrated in Figure 1 .
A large AC (greater than or equal to 80 cm) was observed in 27%
(n = 42), while 60% (n = 93) had a very large AC (greater than or equal to 88 cm).
There were no significant differences in the average BMI, AC, MAC, TSF and AMC measurements, in relation to low bone mass, using the Student t test ( Table 2) .
Calcium and caffeine
There was high variability in calcium and caffeine consumption among individuals. The median calcium consumption was 548 mg/day (range: 262-870) and median caffeine consumption was 108 mg/day (range: 60-170). Low bone mass and osteoporosis were grouped for the statistical analyses because of the low frequency of osteoporosis in the sample.
Using the nonparametric Mann-Whitney test, no statistically significant difference in calcium (P = 0.86) or caffeine consumption (P = 0.69) was found in relation to the presence of low bone mass ( Table 3 ). A few studies have been conducted on similar populations using the same classification criteria, in order to screen for low bone mass using QUS. Considering that the methodology used for screening of low bone mass in the present study was the same as applied by Steiner et al., 39 it was possible to make a comparison between the findings. In our findings, the prevalence of low bone mass was three times greater and the prevalence of osteoporosis was two times greater than what had been found by these authors. The presence of osteoporosis in our study was lower than what was found in a study conducted among African-American women of mean age 54 ± 7 years, in which bone mass was determined by means of QUS using the same criteria as in the present study. In that study, it was found 23.3% of the sample had osteopenia and 9.3% had osteoporosis. 40 Despite the advantages of using bone ultrasound, there are some controversial issues regarding the technique, in relation to the precision of and result from coefficients of variation. However, it is a good method when the main objective is to screen for LBM, which is a good predictor of fractures. risk. 39 Thus, these studies suggest that higher BMI may provide a protective effect, regardless of the methodology used for evaluating bone mass. SD = standard deviation; Normal = minimal fracture risk with a loss of up to 1 SD below peak bone mass; Low = greater fracture risk with a loss of up to 1 to 3 SD below peak bone mass, or high fracture risk with a loss of over 3 SD below peak bone mass. BMI = bone mass index; AC = abdominal circumference; MAC = mid-arm circumference; TSF = tricipital skinfold; AMC = arm muscle circumference; P = minimum significance level of t test. Normal = minimal fracture risk with a loss of up to 1 SD below peak bone mass; Low = greater fracture risk with a loss of up to 1 to 3 SD below peak bone mass, or high fracture risk with a loss of over 3 SD below peak bone mass. P = minimum significance level of Mann-Whitney test.
In a randomized, double blind, placebo-controlled study conducted by Palacios et al., the means and standard deviations for calcium consumption among adults in the control group were 668 ± 273 mg/day according to food intake recall, and 463 ± 325 mg/day according to a food frequency questionnaire. 42 In the present study, an average consumption of 547.94 mg/day was found, which is a value similar to what was found by Palacios et al., taking into consideration the standard deviation. 42 However, the values found in both studies were lower than the National Academy of Sciences references, i.e. the dietary references intake (DRI), in which an intake of 1000 mg/day for women aged 31 to 50 years and 1200 mg/day for women over 50 years is recommended.
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Caffeine intake also presented a result lower than the findings of Boggs et al. 43 in a prospective cohort study in which the median intake was 312 mg/day, while in our findings, this intake was 108.11 mg/day. In a study conducted in Brazil among both white and black men, higher calcium intake was found in whites (720 ± 346 versus 558 ± 236 mg), but there was only a correlation with the bone mineral density of the femoral neck among blacks. 44 No other recent studies in Brazil evaluating caffeine intake in a sample similar to the present study were found.
Like in other studies that used self-applicable questionnaires, it is believed that the consumption of foods that are sources of caffeine and calcium was underestimated in the present study due to large numbers of errors in filling out the instrument used for evaluating the diet intake of these nutrients. Although The results found in the present study with regard to associations with calcium and caffeine intake differ from those of Hallström et al., who observed that high coffee consumption (four or more cups per day), among both men and women, plus high calcium intake (more than 1200 mg/day), did not alter BMD compared with those who had high consumption of coffee and low (< 600 mg/day) or intermediate intake (600-1200 mg/day) of calcium. 45 There is still no strong evidence to show that calcium alone has the capacity to reduce the risk of fractures. 9 In a double-blind, placebo-controlled study that evaluated 830 postmenopausal women with an average age of 75 years, a significantly lower fracture rate was observed among the subjects who used calcium supplements. 46 Although the menopause forms a landmark in relation to bone mass reduction because of its association with declining estrogen production caused by the loss of ovary function, aging itself presents a direct relationship with the risk factors and the increased risk of fractures. Therefore, older women (75 years of age or over) seem to obtain better benefits from dietary interventions and their impact on bone metabolism than seen among women who have been postmenopausal for shorter times.
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Most cross-sectional studies have not found any association between caffeine intake and changes in BMD. 12 This study design is observational, and the subjects are observed on just one occasion. It is thus very difficult to infer a cause-effect relationship from such a study design. One common problem with this type of study is reverse causality, in which the outcome has caused the predictor.
There are several different risk factors for osteoporosis, although the impact of caffeine consumption on bone metabolism is still unclear. 16 Considering the physiopathology of this disease, there is a need to increase calcium consumption. In each life cycle, there are individual needs for calcium, in order to achieve an ideal bone mass. As the life span and number of chronic diseases increase, the importance of a balanced diet that is rich in calcium becomes reinforced. Thus, further studies are necessary in order to obtain more information that would allow guidance to be directed towards the population that is susceptible to low bone mass and osteoporosis.
Several limitations of the present study need to be pointed out, such as misclassification due to use of self-application questionnaires. On the other hand, the data collection technique was designed to avoid this limitation. A cross-sectional study collecting data with regard to current consumption of calcium and caffeine does not reflect the real intake of these nutrients during the peak phase of bone mass.
CONCLUSION
High prevalence of low bone mass was observed in the sample studied. The findings of this study did not show any statistically significant difference in calcium and caffeine intake with regard to bone mass. There is a need to conduct further studies in order to better understand the role of caffeine and its effect on bone metabolism in relation to osteoporosis. In order to help investigate the association of diet with bone mass, additional studies are suggested.
